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A relatively simple
falr accm.racy,varicitio.1

eqution has been found to express, with
~n maniPol.Z-c12arZc towzarature with chuwe

in en@w opetiti~ con;;t;ons. This equa~lon a.iiassociated cur;es
have been chocked hy mult.ic:linder-eagineilfltc,both teat stand and
f1~@t, ovor a wide range oi operating condlticmo.

Ave:”n&e❑’.xtm’etemper[~tmesj ~~wdicted b;’the equations of this
report, awe iY?aGC)~~l)l~well.w~tn results wl~hin tlm srme ral~e of
cai*bw*etor-airt,eupemiures from laboratories and ieGt stands other
than tileNACA.

IIi’’lIROrnJCTiON

This pa~r is mte.aded to demonstrate the degree io which
mLxture-temperaturedata “waybe redu~ed to al~ebrcIc te~ and
correlated m terms of the several pert~nent eng ne-o~rat~~ end
design vallables. Ths info~matlon presented herein wes obtained
in the multlcylinder-a@ne phase of the trlptane and h~&h-
performanoe fuel eveluat5on pro&g’am,requested by the Alr Technioal
Service Command, Army A~r Forces. Much of the data ~ncluded herein
have been presented in d“l.fPerent form in earlier repGrts (refer-
ences 1, 2, and 3). In reference 2, a brief aualysla of the
m= bure-tempezzihz’ecorrulatlon was mde. The present report
extends the correintion to several other en@nes and includes date
obtained over a wider range of conditions.
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Reduction of mixture-tempratura data to m a~ebraic relat~on
is of ~utereat ~or se~elal reaeons. .hni~o id-charge Lempmut .ures
are of importance in en@e-cooling studies as well as in the col’re-
lation of fuel knock-lzmit data foi-both ~ingle-cylinder and mnlti-
cyllndel”test e~jnus. Tileprediction of average mixizwo hempe~~ture
at any opel’atlW coudi+.?on permits fuel ‘tauxl:limlts to be e~timotod
from a m!ninmm amcunt of teeb data, t-hereby~wmltil~ the el~minntiou
of a greak volume of exyerimeutal tasting. Thh I!16thOdd WdJ L-31S
furthermore leuds itsel.~’to varloufle~ines and may be used to ailvan-
tage in con~i*l~ d~ff~nut e~lnco as to the.r lelatlve sever.t~
upon fuels inasmuch as mixtw’e Leriperatureis suc;len inyur!,ant
vayiahle in f’ut’lLllockchal’acter.~sk+cs. MaLching of mlticyllndor
knock-tesb cmllt: ons bj sihg:.e-q 1.”rider13LW’.IBZ!Is Clua-cly fac-1;tetod
by an accuraLo evel”~.t.m of ?tilxiu’?eumymabuma for both.

Other measureuenta necessary 501’tti.eCOi’-WJAti-m of ?uxt.urotom-
pcmaturos wure f’uel-alrrat:0 (requirin& fr.elflcw and a ;r fluw) aud
engine s~eei!!.Values of fuel IWw wum oh-~a~.&d by both a rotawtor
and a react~on-ty?e z’lowmeter for the three flight engines and by a
rotameter for the test -6tanil en6ine. Au’ J?lGWwas determ~xmd iu f lj~ilt
f rum carlnmot or -rneterj w -prcseure data, suppiemnted by eilt-box cal’-
brat Ion cumes, and ior the test stand ty a standard G--richflaz-plato
orifice matalled acconiiqj to A.S .M.I!. lecommendab~om h a 2~l-jncll-
dlmeter duct upstream of the carburetor. E~ii= sped was o?)~a~nod
from electric tachometers in all casoc.
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FOii.TION OF MIXTUNE-TEMPERMURM lZ~Vl?ION

A yartial flerivationOr th eqlmtiml Uecd in the analysis of
mixture-temperature data .fulbws. ~‘ symbols to be used are:

Tm

Tc

AT~

ATV

v

VI

,T

cl?

~

K

qQd

7

N

R

d

F/A

L

Cf

nunlfold-mixtme temperature, (%)

carbureLor-alr temperahr~e (screen tbermoooupl.e), (%’)

bem.peraturerise

temperature drop

across euperoharger, (%’)

due to fuel vaporlza%zon, (~)

Mower tip

blower t ~p

mectinical

Eq)eetl,(l’1/EJnc)

3

The mafi~dd-m; xture Wmuorature is ausmed equal to tLc!sum
of the carburetor-&r temLmra%ure LJlus“LIIotemperature r“LGedue to
oompresslon in ti supercimr~er lese the tomperat~re imp due to
fuel Nanorlzati..n. In f’kym’o3 .s ahcrtm a scheymtic crcms section
throngh a typical au-cooled engine inducbion systum. The arrav.o-
mont of the thermocouples typlfies that of’the dcublf.-row radial
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air-cooled ewines discussed
oharge t6m~eratures shown et

rwA MR No ■ IEL03

hgrei~. The trends in “dry” and “wet”
the tog of this sketch are considered

repmsantat Xve of the genera1 variatIon in tmperatuzws to be expected
tbruugh an inductlon system of %uie t~e. !IWs,

Tu = Tc + ATS - AT
v

(1)

If J 1S ‘/78,
‘P

is 0.245, anl G 2s 32.2, equation (2) beccmes

ATS
V2

=K— G’bo (3)

‘Thefactor K in eqnatiol (3) my be ovalna%d In tgrms of the
physical clm-acter~btics of the acl;unl.l-w~mllu and d~f;ueor. Thus,

+ q.~
ATS = ~,u~-----

An average rat~o of 0.3@ ‘hasbeen i’oundexpe~imor.tnll?to be repre-
sentative of su~lerchargcrs fol” th~s t~~>e Qf cngll~; tkGreI’Oi”ti

ATS = L.4G x 10-4 ? (4)

3.J.4Nli d
However, blumr tlp speed V = ~X—U—

For engines A, ~, and C wLth tmpcllers oi’ 11.3 -~nch dlamoters and at
low Impeller gear ratio (/.15:1), equntlon (4) rmy be ex.nwascd

at hiLh ~mpeller Lear rat~o (C.’li’:i) uquation (5) becomes

ATB = 2.5U X 1.0-5# (6)

It sWUIC. be Vointed out that for ungil.eD mth en ~mpcller of ll.U-
Iuoh ~iarmter both equations (5) and (5) wilJ.be sl.i~htlyd:fferent.
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The tempemture drop due to fwl vaporizatloa for charge thermo-
couples, aEIIns ballwl in these en@nes, has been found empkkd.ly *O
be appraxl~teii by “ , .. . s . .

ATV = 390 F/A (7)

Expression (7) differs considerably frcm a longer form, which
rmy express this Iimperature drop more preci~ely as follows:

LATV = ——. F/A
Gv + Cf FE

This sxpresslon is often shoti.enod(by eliminat?on of cf x F/A) to

=. F/~ATV = -&.

P

or approxhnately

Aff

v
= 530 F/A for an AT-F-Zd fuel (7a)

Equation (7a) differs tlom (“i) oily In tno u~,r!.tudeof the prol]or-
t;onelity co,lstant. This ulfi’e~nce moy h the effect of o@
parttal vapor?.zatio’~of tho fnel in the intnke mani:’okdsup to the
point whore tie ~heimo~cupl~eart>locahd, aa shuw.1In f’l~:ro3.
Tne d.~fl’cmxmc6butveon equationa (7) and (7a) me~ also Gz’isefrom
the fact thnt the coolYw uffcct of fuel vaym~zat-’.undumnfi corl-
preasion in kho supei’charflcrhas not cons.Lde~”edInasmuch ea ATV

was aosumed to talw place jude~rd.en~.lyof tho c~TleSSi>lL Troqcss.

l?lnally, the gwertil f’orw of the equation nay be wr; ttun,
mkl~ use of expmaaion (4), /’

Tm =To+l.48x 13”4$-39G F/A ~ (8)

or .

Tm = Tc + 4.1 X 10-8V12 - 590 F/A. “ “

For sgecific application to engines A, B, and.C this equhtion
becomes

.Low blower:

Tm = Tc + 1.03 X lU-5 # -“390 F/A

.
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High blower: (engl=s B and C only)

Tm = Tc + 2.58 X 10-5 # - 390 T/A

Tna clwes In figure 4 ara presented as a Lemorsiratioa of the
appl:cahion of such equat IOIIS. With these relations it becomes
Toss-tileto dutemiua Vjtiiease the avcnuga opom tlz~ mixtuzw tmpor-
ature for a wide rawe of engina condlt~ons.

.

RNSJL’IEAm DiSCXiSSION

Tho cozzwlotod. udxttwa --temwratur.e data for the four engines cue
shown in f igurs 6. TLG ran&os of en&lw cc.mii~tio~em dkown im the
key to this fl~o . The scatit~r of these data Is gcnurally i~ithin
a band of 10° F. The range in mixtui’e tewjeruture (from approx’ima ie~
120° to 280° F) repro seLts variation In engine condj t Ions from 1890
rym, low blower at g~” F C~b W@50r-aii* t~mw~ turw, to 2WlJ r.gm,
hi&h blower at 10U” d carb~ Lor -air tmpera cum.

It 5.s of interest to cGm-garothf3CGrrebt jon Gq~tiOn deter-
mined in th:s rqort with data from outsjdo sources. !Nx#erdthis
end, figure 7 is jncluded to show thu i@?ee of slmilarit~ b&Lweon
this conwlat 1on and that presented 2n zufei’ence 5. ‘IIw b sl~d .
curve (without data polfits ) is the t for a carburetor-air iwqwrature
of 100° F ati a fuel-am ratio of 0.05 obtained from tiie oqwtlon
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reported herein. The difference between the two cur~es is aopn to
be appraxi.mately2° F at the hl@-temperature end (28!)0F) and 15° F
.at,~hp .low;temppratqreend (120” F). The curve from’refcn’ouce.5
wes ~ound to fit tho e~r~&ukal’ daka with ‘aban” devY.atlon of
+6.6 ?F. This curve can be rou@ly approximated”by the f011@Q6
equation: . , .

.,-. ...

Tm = 0.7 To + 3.7 x 10- %12 .-600 F/A + 60 “ (9)
..

When equation [9) Ia.mmpared. wi\h equation (8) it is seen th& the
first two terms after the equal blgh”ard dlfferont in magnitude but
are climunsio~l~u and exponeptial~ alike. The chief differmms
to be discurned.are the variation in uffect of rarburetm-aiz tGm-
ymature, tho nm~i”~udo of tcxupui-aturedrop due tu fuel va~orizat~on,
and tho final consLarit. AfJpreviously menticmod, the offoct of
carburetor-air tcmpum+.ure was n~.ttnv~st!~ated owr a very wide
range for the tests in the p.ws,~nti~~~o~b; consequently it is not
fult that this tm’ in thu equaLIGn ~a as corta~n ovur as wide a
ran~c of variction as are tho GE%l’s.

A bettor apnroximatiou to tihocor..mlationcurvo for tho data
from ruferonc~ 5 (f.Ig.7) was ob”balncdby thu use of tho equation

0.7 T, + !5.2 X 10-10 VIZ-37 - 6C0 F/A + 70Tm = , (lo)

Equation (10) fits th curve shxm from rderunce 5 w.:tha meal
deviation of app-qoxiwutoly+1° F o~or the total ran@ of tl.w curve,
wh~reas equation (9) (;.nvolv.!.ugV1 ) %s a moan dcv~.at:.cnof ap~rox-
mntely &3° F.

. . . .

The following results were oMaitid from a la??ge”amount of
qixture response fuel bock data fr& fow”dduble~rti ”fiadial air-
cooled ehginee: . “ . . . .. .“. . .

“’ 1. Average engine mlrture ter@erat&esWdr& co-lated by the
&nekl equation . . . -,. .

...

~ = To + 1.48 X 10+ V2 -“390 F/A “ -
. .

where -.” .’

. . . . . .

“ Tm mhnifold-mitiure .tempez&turg, (OF) . . “
. . . . . . .
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To carburetor-alr temperature (screen thermocouple), (OF)

v blower tip speed, (ft/see)

F/A fuel-alr mtio

2. For the engines A, B, and C, this equatim oan be written

Low bluwer:

Tm = Tc + 1.83x 10-5 N2 -390 F/A ~

where N Is engine speed h revolutions per minute.

High blower:

Tm = To + 2.58 X 10-5 N2 - 390 F/A

3. The mixture-temperature correlation equations obtained in
this work agree fairly well with the correlation data reported by
an outBide source.

Aircmft Engine Researoh Laborat~,
Mhtlonal Advisory Committee for Aeronautics,

Cleveland, Ohio.
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Figure 3. - Schematic sect
induction system.

/

Tc Thermocouple
on screen

Tm Thermocouple
in manifold
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Ourves plotted by use of followlng equation:
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Hl@ blower: Tm= To+ 2.5s XIO-5N2 - 390 FIA
Law blower: Tm = To + 1.g3 X 10-5 N2 - 390 F/A
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160

o

140 #

1111 , 2w30 \ ioo-l O.ZO 13~R2 --trlptane
I I 1“”-” I~ B lTest stand lgoo to ~-to 0.06 to 22-R

120

E

I I I I I I I I 1 I 3P mlldlne

120 140 160
I

1s0 200 220 Awl -t% -a-
Average meaxured mixture temperature, OF ‘“- ‘“” ‘“

F@re 6. - l?OhtlOn bOtWOn calculated and awwage wamrad mlxtum temperature for &ubh.- ndtil
air-cooled enginee in flight and teet-stati opention.
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